(MALT)-like (n = 4). The in situ hybridization study demonstrated EBV-encoded small RNA (EBER)+ cells in all 9 lesions. The immunohistochemical and flow cytometry study demonstrated the reactive nature of the B cells in all 9 lesions. However, 3 of our 7 cases examined demonstrated immunoglobulin heavy chain gene rearrangement on PCR study. There was no development of B cell lymphoma in any of the 3 lesions demonstrating IgH rearrangement. Conclusion: EBV-associated LPDs of the WR showed marked histological diversity. Among these, a MALT-like pattern was frequently seen. Marginal zone B cell lymphoma frequently affects WR. We emphasized that EBV-associated LPD should be added to the differential diagnosis of primary tonsillar MALT-type lymphoma.
clinical and serological findings [2] . However, a lymphoid tissue biopsy may be performed when malignant lymphoma is a clinical consideration in patients demonstrating atypical clinical features [1, [3] [4] [5] [6] [7] . Atypical features include age over 30 years, generalized lymphadenopathy, or isolated lymphadenopathy in an unusual site, tonsillar mass, negative heterophil antibody titer or absence of atypical lymphocytosis in peripheral blood [3] [4] [5] [6] [7] .
In such instances, diagnostic problems for surgical pathologists may arise because the histopathological features of IM may simulate those of either Hodgkin lymphoma (HL) or non-HL [1, 3, 8, 9] . Moreover, because of the small biopsy specimens in the Waldeyer's ring (WR), differential diagnosis between EBV-associated LPD and malignant lymphoma may occasionally be difficult [6, 8] . Recently, we have reported 2 cases of tonsillar lesion of IM resembling marginal zone B cell lymphoma (MZBCL) of mucosa-associated lymphoid tissue (MALT) type [10] . To further clarify the clinicopathological findings of tonsillar lesions of IM, we reviewed 9 such cases.
Patients and Methods
Nine cases were collected from a series treated by one of the authors (M.K.) between 1999 and June 2009. The medical records of 8 cases were extensively reviewed. Five cases (No. 4-6, 8 and 9) had been reported previously [7, 10] .
Specimens were fixed in formalin, routinely processed and embedded in paraffin. For light-microscopic examination, the sections were stained with hematoxylin-eosin (HE).
A basic immunohistochemical panel including antibodies against human immunoglobulin light chain ( and ; Novocastra, New Castle, UK or Dako A/S, Glostrup, Denmark), 4C7 (CD5; Novocastra), L26 (CD20; Dako), Ber-H2 (CD30; Dako), and DFT-1 (CD43; Dako or Novocastra) had been used in all 9 cases.
When additional slides and/or paraffin blocks were available, the immunohistochemical analysis was expanded to include antibodies 1F6 (CD4; Novocastra), 4B11 (CD8; Novocastra), C3D-1 (CD15; Dako), cocktail of 2G9 (CD21; Novocastra) and RLB25 (CD35; Novocastra), 1B12 (CD23; Novocastra), JCB117 (CD79a; Dako), P1F6 (bcl-6; Novocastra) and E29 (EMA; Dako). Immunohistochemical studies were performed using the antigen retrieval method with the avidin-biotin-peroxidase method or Ventana-automated (BenchMark TM ) stainer according to the manufacturer's instructions.
In situ hybridization with EBV-encoded small RNA (EBER) oligonucleotides was performed to test for the presence of EBV small RNA in formalin-fixed paraffin-embedded sections using a Ventana-automated (BenchMark) stainer or using a hybridization kit (Dako).
DNA was extracted from paraffin-embedded sections. The variable region (CDR2 and FW3) and the VDJ region (CDR3) of the immunoglobulin heavy chain (IgH) gene were amplified by seminested PCR, using primers of FR2B, LJH and VLJH, according to a previously described method [11] . Primers were as follows: 5 -CCGG(A/G)AA(A/G)(A/G)GTCTGGAGTGG-3 as upstream consensus V region primer (FR2B); 5 -TGAGGAGACGGTGACC-3 as a consensus J region primer (LJH), and 5 -GTGACCAGGGT [A/C/G/T] CCTTGGCCCCAG-3 as a consensus J region primer (VLJH). PCR products were estimated to be about 200-300 bp in length.
Results

Clinical Findings
The main clinical findings are shown in table 1 . The patients including 5 men and 4 women ranged in age from 14 to 88 years with a median age of 56 years. Follow-up information was available in all 9 patients for periods ranging from 8 to 61 months (mean 29 months, median 24 months). One female patient (No. 7) was tentatively diagnosed as having diffuse large B cell lymphoma and was given CHOP (cyclophosphamide, doxorubicin, vincristine, prednisolone) therapy. Fourteen months after biopsy, bilateral neck and intra-abdominal lymphadenopathy was observed. She was diagnosed as having lymph node involvement of lymphoma and received CHOP therapy again. One patient (No. 9) died of heart failure after 12 months, while the remaining 8 cases were alive at the last follow-up.
Histological and Immunohistochemical Findings
All 9 lesions were characterized by obvious expansion of the interfollicular area and effacement of the follicles indicating atypical lymphoid proliferation. The lymphoid follicles had hyperplastic germinal centers with illdefined borders in 5 cases (No. 3-6 and 8), although atrophic germinal centers were common in the remaining 2 cases (No. 7 and 9). There were no lymphoid follicles in two lesions (No. 1 and 2).
Three histological subtypes were delineated.
HL-Like (n = 1; Case 1) The lesion contained numerous large lymphoid cells including mononuclear Hodgkin (H) cells with a few multinucleated Reed-Sternberg (RS)-like cells admixed with an inflammatory background ( fig. 1 a) .
Immunohistochemical study demonstrated that large lymphoid cells including H cells and RS-like cells were CD20+ ( fig. 1 b) , CD5-, CD15-. A portion of the large lymphoid cells including H cells and RS-like cells were CD30+. Immunohistochemical studies of light chain determinants for large lymphoid cells demonstrated a polyclonal pattern ( fig. 1 c, d ).
T Cell/Histiocyte-Rich Large B Cell Lymphoma-Like (n = 4; Cases 2, 3, 5 and 7) These lesions are comprised of scattered single large transformed lymphocytes embedded in a background of small to medium-sized lymphocytes and histiocytes with or without epithelioid cell features ( fig. 1 e) . The large lymphoid cells are usually dispersed and do not form large aggregates.
The immunohistochemical study demonstrated that the majority of large lymphoid cells were CD20/79a+ ( fig. 1 f) , whereas a minority of them were CD5+ ( fig. 1 g) . A portion of the large B cells were CD30+. The majority of small to medium-sized lymphocytes were CD5+. There was a predominance of CD8-over CD4+ T cells in 2 cases (No. 3 and 5), whereas there was an almost equal number of CD8-and CD4+ T cells in the remaining 2 cases (No. 2 and 7). There were no CD43 and/or bcl-6+ large B cells in any of the lesions. fig. 2 c) . Lymphoepithelial lesions were not evaluated.
Staining with CD20 and CD5 showed the mixed nature of small and medium lymphocytes and immunoblasts including cells resembling H cells ( fig. 2 d, e) . A portion of immunoblasts were CD30+. There were no CD43+ B lymphocytes. Immunohistochemical studies of light chain determinants for interfollicular plasma cells, plasmacytoid cells and B immunoblasts including cells resembling H cells demonstrated a polyclonal pattern. Staining with a monoclonal antibody cocktail of 2G9 + RLB25 or 1B12 highlighted the meshwork of follicular dendritic cells (FDCs). Although the majority of the FDC meshwork maintained a regular arrangement, a portion of the meshwork was broken into clusters ( fig. 2 f) . fig. 2 g) , whereas EBER+ cells were located only in the interfollicular area in the remaining 7 cases (No. 1-3, 5-7 and 9).
EBV Findings
Genotypic Findings
A discrete band of amplified IgH gene was found in 3 cases (No. 1, 6 and 8) ( fig. 2 h) , respectively. In the remaining 4 cases (No. 2, 3, 5 and 7), only germ line bands were detected. Immunohistochemical study demonstrated that the majority of large lymphoid cells were CD20 ( f ), whereas a minority of these cells were CD5+ ( g ) (case 5). HE. ! 100.
Color version available online
Evaluation of Biopsy Specimen of Case 7 Who Was Diagnosed as Having Diffuse Large B Cell Lymphoma
Flow-cytometric results and PCR findings in both initial and secondary biopsy specimens demonstrated a reactive nature of B lymphocytes. Recurrent lymph node biopsy specimens showed reactive monocytoid B cell hyperplasia by reexamination. Overall, this case was considered to represent essentially reactive lymphoproliferation.
Discussion
The present 9 cases demonstrated atypical clinical findings including the following: (1) all 9 cases presented with tonsillar mass; (2) 6 patients were over 30 years old; (3) absence of atypical lymphocytosis of the peripheral blood in all 9 cases; (4) presence of 'B' symptoms in only 1 case, and (5) 1 case. Moreover, clinically, IM was not suspected in any of the 9 cases. Because a clinical diagnosis of malignant lymphoma could not be excluded, these 9 patients underwent tonsillar biopsy. Histologically, three types were delineated: (1) HL-like (n = 1); (2) TCHRLBCL-like (n = 4), and (3) MALT-type lymphoma-like (n = 4). In earlier reports, the description of RS-like cells in IM generated a great deal of interest [12] [13] [14] . Consequently, the literature has tended to emphasize the differential diagnosis of IM from HL [1, 14] . However, recent reports emphasized the differential diagnostic problems between EBV-associated LPDs and non-HL particularly diffuse large B cell lymphoma [3] [4] [5] [6] [7] [8] [9] .
HL occurs predominantly in a nodal-based disease, and primary extranodal presentation is very rare [8, 15] . When it presents in extranodal tissues, WR, particularly the palantine tonsil, is a common site. Most patients present with classical HL (frequently mixed cellularity subtype) and show a strong association with EBV [8, [15] [16] [17] . Case 1 contained numerous H cells and RS-like cells as well as large B cells. In case 1, the majority of the H cells and RS-like cells were CD20+, CD30+, CD15- [15] . Moreover, large B cells including H cells contained polytypic intracytoplasmic immunoglobulins [18] . These immunophenotypic findings of case 1 were different from those of classical HL [6, 15, 18] .
Four of our 9 cases showed histopathological findings similar to those of TCHRLBCL [19, 20] . Histomorphologically, these 4 lesions were characterized by scattered large lymphocytes observed in a background of numerous small lymphocytes [19, 20] . The majority of the large lymphocytes showed a B cell phenotype, whereas only a minority of large lymphocytes also expressed T cell antigen. There were no bcl-6+ large B cells in any of the 4 lesions [19, 20] . Moreover, there were various numbers of CD30+ and/or EBER+ large B cells in all 4 lesions. Overall immunohistochemical and EBV findings of 4 lesions differed from those of TCHRLBCL [19, 20] .
Previously, using surgically resected specimens, we have indicated that MZBCL, particularly the MALT type, frequently affected the WR [21] . Four of our 7 cases showed histopathological findings similar to those of MALT-type lymphoma. Histologically, 4 lesions were characterized by a marginal zone distribution pattern of atypical lymphocytes, which is a characteristic histological finding of MALT-type lymphoma [22, 23] . Lymphoid infiltration contained medium-sized lymphocytes with irregular nuclei and a moderate amount of clear cytoplasm somewhat resembling centrocyte-like (CCL) cells, immunoblasts, plasmacytoid cells and plasma cells [22, 23] . Plasma cell differentiation has been noted in various degrees in MALT lymphoma, and plasma cells may occasionally obscure the CCL cells [22, 23] . Moreover, a portion of the MALT-type lymphoma was associated with prominent epithelioid cell reaction [24] . Breakage of the FDC network seen in case 2 also suggested the follicular colonization of MALT-type lymphoma [22, 23] . However, cells resembling CCL cells were CD20+ but CD43- [23, 25] . The polytypic nature of the B immunoblasts, plasmacytoid cells and plasma cells was demonstrated by the immunohistochemical study. Moreover, MZBCL is rarely associated with EBV [22, 23] .
Immunohistochemical and flow-cytometric study demonstrated the reactive nature of the B cells in all 9 lesions. However, 3 (No. 1, 6 and 8) of our 7 cases examined by PCR demonstrated IgH gene rearrangement. There was no development of B cell lymphoma or recurrence of B cell lymphoma in any of the 3 lesions demonstrating IgH rearrangement. Moreover, 2 (No. 6 and 8) of the 3 cases showed a relatively long-term survival (48 and 61 months). As Nam-Cha et al. [26] indicated, it remains unclear whether these cases are clinically relevant, could be a sign of the prelymphomatous stage, or merely represent an exaggeration of the normal B cell clonal response. However, 1 case (No. 1) showed a relatively short followup period. To clarify this issue, further study is needed.
There were no abnormal serological findings for EBV in case 1. Moreover, serological examinations for EBV were not performed in 2 cases (No. 2 and 7). In WR, reactivity of lymphoid cells for EBV has been reported in lymphoid tissues of a high percentage of patients with previously asymptomatic EBV infection [27] [28] [29] . Only a few EBV+ small lymphocytes were usually detected in patients with previously asymptomatic infection [27] [28] [29] , whereas numerous EBER+ large B cells were observed in 3 lesions. These 3 cases were considered to be primary EBV infection or EBV reactivation [1, 7, 30] .
When IM is not suspected clinically, microscopic findings in the tonsillar specimens can pose serious differential diagnostic problems for surgical pathologists, and may lead to a misdiagnosis of malignant lymphoma. To avoid overdiagnosis and overtreatment, we emphasize awareness of the atypical clinical presentation of EBVrelated LPDs and the need for careful attention to the clinical and laboratory findings as well as morphologic features in these cases. The present study indicated that EBV-associated LPD should be added to the differential diagnosis for MZBCL.
